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Abstract: Compared with polymerase chain reaction (PCR) and loop-mediated isothermal amplifica-
tion (LAMP) , recombinase polymerase amplification (RPA) has a shorter reaction time (5-20 min)
and requires less temperature and equipment, and can be carried out at 37-42 C. However, the
current organic dyes used for real-time fluorescent RPA are dependent on imports and have small
Stoke shifts, which are not conducive to visualization and observation. In this study, we applied the
nucleic acid molecule “light switch” [Ru(bpy),(dppz) ]*" as a fluorescent dye for real-time fluores-
cent RPA amplification, and realized single and multiple real-time fluorescent RPA amplification de-
tection of food-borne pathogens(e. g. , Staphylococcus aureus(S. aur), and Salmonella(S. spp)). In
addition, a rapid and visualized RPA detection method was established based on[ Ru(bpy),(dppz) ]**,
which determines the amplification results by directly observing the strong red fluorescence signal gen-
erated under visible light after the binding of amplification product DNA to [ Ru (bpy), (dppz) 1>,
avoiding the obvious inhibition of the amplification reaction caused by high concentration of [ Ru(bpy),
(dppz) 1**, and has good visualization effect. It avoids the obvious inhibition of the amplification re-
action caused by high concentration of [ Ru(bpy),(dppz) >, and has good visualization detection ef-
fect, high specificity and high sensitivity, and is expected to be widely used in the field of rapid nu-
cleic acid detection for environmental monitoring, food safety and clinical diagnosis.
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Ry HWHE AR OB HH S, ST REMEE . BN, RIAF . GRSk 7 me & R A
FEEZ N, REMHESY (PCR)VE A 0 H RSN GBI, ik or 1A=k i i &
FFB, (HPCREARGINEIA . BIREB, HeLLSCIRIRT P ki, BB AR S0 %= s I 17
TER AT, HOBTIA% o B R S AN T 55 2 B DR A ) o) J =

SIRAZIRY W HEAR S R et . SR BUE . BERERR A S e R #2317 )2 Rk
HAp LA SR EOR (LAMP) | SEZHEER G HEBOR (RPA) FIE AR5 Y B HOR (RAA)
RHEAENE. 5 LAMP, RAAAE, RPABJRLAES HRE (5~20 min) Hiy 8 DNA/RNA, Jf Hu] DIAERT
PR BT (37~42 °C) T LR EY 1E, Bomidk KMt dE 1 X SRR IR B BRI 12 B Mo A )
N SR

RPAHARTE 2006 4EEE T2 540 DNA & ik . EZAHAEE B B e Jr &, AT PCR BAH#:
YRR, P mE R VRS, C&) ZYHTHE . HE . BN SFRENSE" . 78 RPA
OV, EAHREE T =R (ATP) fRE T 554G, TR EAR-5IME 5. EHl-51Y
B A2 DONA PR EIJEFS, e 5 1 WE RN AN SER 22, TR D IR, Hsksh &
BHRRE, wE, EHABER MW, BuR G50 3 wmsk &, TERAZHEAE T =35 (ANTP) 77
TE IS HAEM, T RGHTI BAME S . JEER A e FE v] SEBURT B L R A 4850 14

H#if RPA — i i 2¢ sk U (989 J5 ) 00 34 - 247400, b R 28R 2 im) 2 hrke i, 4
SN, LR SENEREBERS YK . PRI . SEEASINER T DLV R RPA Y28 SRl 75 i . {HH T RPA
PIGR R P AEE S PR S, EE VKIS O UK SR A E T4, BRI X RPA P E T 4idl, S35k
IR PR VEFR I IS ) 3G I, FEAR AR . BT, —SESEh I iR O 2 ok, BRiEEh
PREFEANGLRHE . Exo fll Fpg PREF " CHWET TSI ) RPARSIN , AR SRR S, HAR 55t
JORHE GV YRHIR B TE DNA SUEZ ) i i 7, AT g, JOuE 58 umgem, kR
BIEANG, WL L EAENADEHE . HBTSYBR Green I' |, Eva Green'' 2% F ok Y ¥} & o N H
Piepenburg %" SYBR Green I F T SEH 26 RPA, il i 825 14 1A B i) 98 K6 (55 S5 0 T X At R 2F
FFIA SpoB B A ) SEIF I € o Loo 5524 Eva Green 5 5EI RPA Z54y, 137 “C N X5 5 1 SIS 52
SE T TN FE —c ORI . [E]B, XL TR T RPA 0928 i, SEBL 1 X/ Iz 25 W 9 B
IRARE" . H. contortus' " HIREI LI K GTS 40-3-2 KRG HY ik, (HARAXEYuRHMikE 11, H Stoke’ s fi;
BN, AFIT AL MEE

ERETL AP Ru(bpy),(dppz) I e—FMZIR 73 FOUIF R, TEKRERTILEAL, LI
HEDNA I DN SR N ASUREZE 1, AR 58 . S sk 4ok, [Ru(bpy),(dppz) ] HAT Stoke’s
B K. dtaE . ST aR . MBI DL, ARSI BT R Gk} . A IR REZH wir SO A
FeLERFW . [Rulbpy).(dppz) 1AM G529k A PCR . LAMP JZ R0 F7 SSOP UG . 3645 505 J T
LAMP (B nf RRALAGIN =, HIH B0 254 B0 A R T G 26 e i tifl . (B2 H AT AR A [Ru(bpy),
(dppz) 1** I T SER 2 RPA K il AH S HiRGE

AT R 2 RETIC & [ Ru(bpy ), (dppz) PAEAZEETLEL, K H R T2 58 RPA (S 12 %
HY IR, £ T [Ru(bpy),(dppz) " & SRR M SR RO 25 R Gk RN TG G5, BEmAl e 4G
W, RETHARREINE) H . PCR. LAMP W H T & H S B [ Ru(bpy ), (dppz) 175 2 SR 200,
FECL TIN5 B T RO B NP BREVE T RPA ROV AERS R E [ Ru(bpy ), (dppz) |
A FASTEAEHEARIVER . ROV IGAEZI Y 8 P2 iR IH o] LLAE 6 S N SS9 21 ) 21445
Hef5T o BT UHESEBL 7R DL JE A B0 i (8 8 A A BRI (S, aur) . YT TIRT (S. spp) )DNA LR
GIHTIR TR | TSR

1 SRIGERSY

1.1 NEE5IKH
TV R DAL (BT SUE B T B AR AR s B (Eppendorf AG 22 7)) 3 B WA Sk
(Axygen Scientific 23 1])) ;5 3 HT KT (L3 2 A REATRAW)) 5 4 B 3 il & B0 SRR H ik
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1328 (Qsepl) (B V561 Bioptic 247 ) ;. B-BOX i Y& X (Smobio Technology 23 7)) 5 # & 43 Jo e
11 (Thermo Scientific 2y 7)) ; AEWE bR HES 1 TAE S RN LR S RFE ARG AT ) 5 MyGo 5L} 2E
JERE B PCR REE(JEE IT-IS Life Science Lid 2] ) 5 BAEHEK T Bk (Bio-Rad Laboratories AT )

TwistAmp®Basic IR & (TwistDx 22 & ) 5 [Ru(bpy),(dppz) ]** (Jena Bioscience 2y ] ) 5 4 1 & [ 24
DNA $2HGAG G . 5l DNA P Ak R & (CRAR AR BHE (b5 AR H)) 5 BEHERE (Thermo Fisher
Scientific) .
1.2 RPAS|#igit

VRO 435 10,3 2 BRI (S. aur ) fem ZEPR RSP IFZN VDT TEC T (S. spp) 1) Stn FE R A 57 51, @I bb X6}
FER P H AR 5 e E 0, SR DNA Man 33t H T 1S fem ZE 4 | S R BRERAES 1, &
i3 BLAST FEXFBRAE XY S. aur. S. spp WRERM:, PRAEs518)F 503 1 s

F1 EEmITHEIYF

Table 1  Sequence of primers used in the experiment

Name Sequence(5'-3") Amplification target fragment size/bp
S. aur-F3 TTTAACAGCTAAAGAGTTTGGT 231
S. aur-B3 TTTTCATAATCRATCACTGGAC
S. spp—F3 CCTTTCCCGCTATCGGTAAC 210
S. spp—B3 GGATGCCCAAAGCAGAGAG

BT 51l B A TAEY) TRA R A W& BOF4 HPLC 4ifk . 5IIF I HTZE 5 000 r/min &
O 1 min fEEDUFEIGER, B L FAE R RIEN, JFE EHROLE EARIER ODELIAAE R 1x TE Buffer,
FiFE 2 100 pmol/L, FEAMPRTGIRS), 43%€faT-20 CLRAFE .

1.3 £HEBEHKEMDTKE DNARE

TR IRAE TS, aur IS, spp 4R T LB BE 3R 5L A 15 5%, 5 i FH 240 1A 55 K 2H DNA 32 BGA50) &
TR DNA A2, 3R45S. aur. S. spp FIDNA, f HEE S o0 Y66 RE TR BGRIS 0 DNA A B K
2l P A TI0 R J5 A B TBCE AR -20 CIRERT o
1.4 RPASCEFZ N
1.4.1 EMRKXBERN FErEEVE THT RPAY I MAARBECT, R 10 WL MK RET
. RPARJVZME (5.9 pL) . S. aur LIESIH F3(0.48 pL, 10 wmol/L) . S. aur FIF514 B3(0. 48
pl, 10 pmol/L), MgOAc(0.5 wL, 280 mmol/L) . S. aur DNABEAR (1 wL) . [Ru(bpy),dppz]* (1 L, 30
wmol/L) , [F) i B TeASAR BH 4 ok B FH B3 KK DS T AR R

RPA "4 7E MyGo 520 26 PCRAX R BEA T, OMFR)FIEHE3T °C. 15 ming KB PN ZE MG,
R0 3883 E 2 ROX YG3EIE .

5 10" copies/wL i S. aur DNA BX S. spp DNA JEI& 10 586 R FEA 10°, 10°, 107, 10°copies/pl, JFF
VIOKVE A28 ERHER, 40 | BEA TSI 286 RPA MY MG RN, RISV 4 P20 fo BEATIG e BT s 455 %91
S REAT 1 W 2R I 1) I (e e 22 T A v i 2k
1.4.2 EERESERN  FERCHI PR RIS FERIINEXT S, awr RIS, spp BIPIXT 5181, 43 ALLS. aur
DNA. S.spp DNALLJZS. aur DNA 5 S. spp DNA S#5AR ,  [R] I 50 JoAEAR 1) 25 R R 4 ZHAE Ol o IR
TR R IR ST DG RPA Y38, R R H B AN ko 38 Py e A5 2047 o
1.5 EF[Rulbpy),dppz]* 8 RPA B4tk &l

J iR RECHI, 43 A BCE S aur DNA WY 3AIFES,, HARIRELME N1, 3. 5 pmol/LH[Ru
(bpy),dppz]™, [FIEF 1% & & A AN 29K [ Ru(bpy ), dppz |7 89 3 2 TCARA S A G AR S, . ROV AR RIRZ)
JEEA TR D RPA Y4, IR SR H B 40 B YOS 4 P =i A 740
1.6 #RIUSEBRAE SR sl

TER AR RECHIEE, 2038 S, auwr BHPESEERZH, IR A 2FFAESN S, awr SEX2H, I 3 wmol/L
#) [Ru(bpy),dppz | FFUCEAHN TOEARBIES B I, SOV AR RIR A G T SE0 986 RPA Y 1S [n]if
PC AR R S B2 e as L IR, ROWAR R IR S) G EA T PCRY 1, VEAbnifE &= AT, SR 2% B¢

EPEBEO T M A A T, HUKARAE A 100V, HLPKIN 8] 35 min,
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2.1 EF[Rul(bpy),dppz]*# RPA LB 5% 5 B B M AT 1714

[Ru(bpy),dppz | BUZE R INIE 1A FT7R,, M4 HRFELE DNA B, dppz Fe A &3 N SUE 45 16 Hh il 5 K
BUIRE . M RPAYIEIFIAG, VAR DNA Uk 5 YLR4E &, SRR RSP b B S s
BB AT G 5, TOASAR ) 25 1 B M RSG5 5 B M JE e ARk . 37 B8 45 TR DL R B ) Ay Ak
b, FEEmEE IR, il SEnt I 2 (B 1B), A59 8 F2HLL 0. 05 “C/s I MR 28301 T it 52
IHR IG5 S, BH PR B RE S (s e, 1o BH Pt BEOW TR s (18 1C) o DL R S52REM, 1E
RPA Y H8 5 W 25 R 5 v LIRS e A oA s P S A b2, RI[Ru(bpy),dppz )™
VERDESCHEL N H TS5 586 RPA 938 0T 7
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E 1 [Ru(bpy),dppz " IO45H (A) . SEHFHEE RPA 1l 26 (B) T2 522806 RPA J i th 42 (C)
Fig. 1 Structure of [ Ru(bpy),dppz]*"(A), real-time fluorescent RPA amplification curves(B) and real-time fluorescent
RPA melting curves(C)

TEVUA IR BER S. aur DNAAE AR TSEIN P00 RPA Y MRV )G, SR - BERAR T Py 4%
HH 2k 2 B B (LI Tl 22 U PRifE N 2 (P 2) o 2520380, TELAT Ru(bpy ) 2dppz ] #4 S B0 SEI 58 RPA )
Jrid, PR B R S (A e S B R B R SRR (2 = 0.996 9), BliZ T ik T T
SE A o

0ol A 0244 B o 0.247 ¢ ¥=26.419 8-2.016 8

& Copies Copies : 7=0.996 9

z 0 0 =

£0.6- 106 0.167 —10° <0167

E — 10 g —1 £

£03 108 = —10¢ =

2 —_ < 0.084 s

£ —10 ' —1r 7 008

= -] —_10'0 =

Z 0 g0 N 10 =
T T T T T O T T T T T
0 10 20 70 80 90 6 7 8 9 10

Time/min Temperature/C Copies/lg

K2 FEF[Rulbpy ), dppz T8Y S. aur SER G RPA KGN
Fig.2 Real-time fluorescent RPA assay for S. aur based on[ Ru(bpy),dppz |**
A. real-time fluorescent RPA amplification curves, B. melting curves at different template concentrations, C. linearity of S. aur

template concentration versus threshold time

2.2 EF[Rulbpy),dppz]* 8 RPA LR #% ¢t L Ea il

JWFFEEET [ Ru(bpy ) dppz ] 1) RPA Z EAZIMIRCR , X} S. aur. S. spp LIS, aur 5 S. spp 1) 341 DNA
BT 7SO 8 (1813) o RT3 B — DNA BRI S, S. aur DNA BXE R EAESS C,
S. spp DNATE90 C; XFFIRIE & S. aur 55 S. spp PiFh DNA (4847724, H 0 7HE 85 *CHI00 “CAL HBUAH
P S el (151 3B ), X BEIEAR AT 4R 5 B BT LIRS R — 2 (B 3C) o BLE4REW], 2T [Ru
(bpy),dppz |* F N7 1) 22 S O RPAKEIN J5 3%, wl SEBLRRIIAE & b AS [ SR I ) BEARAZ R )3 5] ) [ iiof
PHE, R e 72 e T SRR R P R e E
2.3 RPAHIEBMLL &N

EARHE(L, 3. 5 pmol/L)[Ru(bpy),dppz ] 3 ZHBHPERE S, FLR VAR R0 LB 14 (181 4A)
GRS AR e S P s el (11 4B ), ELBOR 25 o5 26 T B AN BT BEAL HA Dk A5 1A ki
IR (B14C) o RPAY IRV ARG, i B CESMONSE 3 AR EE[ Ru(bpy ) .dppz > i)
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FHPEAR S, HOPTE SO 8 R 20465, i 3 ZH TC AR (4 25 A 0 BERE ot RV DA [ Ru (bpy ) .dppz ™,
{HERPA Y AN ZE G, AHN ROV AE I TeBia BB (I 4D) . LI EZERFEN, N[ Ru(bpy),dppz]*
VERDCHEE AT LISEBLRPA P H AL A5 0T,  HOMAGIN B¢ & SRS, vl A AR RE A 12 11t A5
G RO A B g (MBI K TR ) B HLSE N 7 PCRAY

C
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Fig. 3 Multiplexed real-time fluorescent RPA assay based on[ Ru(bpy),dppz]**

A. amplification curves, B. melting curves, C. capillary electrophoresis results of real-time fluorescent RPA amplification products;

NTC means no template negative
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Fig. 4 RPA closed-tube visual colorimetric assay at different concentrations of [ Ru(bpy),dppz I**

A. amplification curves, B. melting curves, C. capillary electrophoresis results of real-time fluorescent RPA amplification products,

D. RPA closed-tube visual colorimetric results; NTC denotes no template negative ,
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lanes 1-4 indicate milk samples without S. aur, milk samples with S. aur, S. aur negative, S. aur positive, respectively;
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12 65 75 85
Temperature/C.
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RPA amplification curves(A) and melting curves(B) for the detection of milk; results of agarose gel electrophoresis of

PCR amplification products from actual samples of milk (C)

lane M: DNA marker
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S T HETF [Rubpy ) dppz | B PHE FTHLL RPA RN 7 ik o il % bR LRIl , TESDLE ST WL
B TULRMAATOERE, EIAEY AR AR AR i) DAERARIREE (37~427C) T TR 1) A
(5~20 min) 5EH, X B g MORBE RO KB RCAR, FFaRA T 7B i) R o %15 B A T LA RN X Hu 2k
SREE | R SRR DL SR SR e g, AT IR . B A RIS skt B s
LA
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